Biodiesel purity expressed as fatty esters content is one of its most important quality parameters. Although several instrumental methods have been employed, gas chromatography with internal standard calibration has been the most used. Biodiesel is a very complex matrix, therefore finding a suitable internal standard (IS) is not straightforward. EN14103:2003 standard established methyl heptadecanoate (C17:0) as IS. Since this fatty ester is naturally present in some biodiesel feedstock as tallow, that standard was reviewed in 2011, and methyl nonadecanoate (C19:0) became the new IS. In turn, C19:0 produces a peak on the chromatogram that is difficult to resolve from methyl linoeate (C18:2) and metyl linolenate (C18:3) ones. In this paper, a GC-FID method for the determination of the esters content in methyl and ethyl biodiesel from canola and soy oils, using hexadecyl acetate as a new internal standard was validated. EN14103:2003 was used as reference method. Method selectivity, accuracy (t student parameter < 2.18 from both methods), repeatability (0.1 -0.4%), intermediate precision (0.2 -1.8%), and robustness (0.1 -1.6%) were investigated and considered appropriate for the scope.
INTRODUCTION
Since the industrial revolution of 19 th century, and even today, fossil fuels as coal and oil derivatives have been the major sources of energy. In 2015, fossil sources represented 85% of the world energy consumption.
1 Brazil has a diversified energetic matrix, but the same sources still contributes about 60%. The transportation system, in particular, depends heavily on gasoline and diesel, and only 21% of the consumed fuel in the country was renewable in 2015. 2 Concerns on geographic, politics, and economic factors associated with oil scarcity, environment preservation and sustainable development, have driven society in search for alternative and renewable energetic sources, especially those derived from the biomass. [3] [4] [5] [6] As a reaction to the oil crises in 70s, Brazil introduced ethanol as substituted for gasoline. More recently, in 2008, the addition of biodiesel to diesel became mandatory. [7] [8] [9] In 2016, Brazilian production of biodiesel was 3.8 million of m 3 , 10 turning Brazil to the second major producer in the world. 11 As a fuel, biodiesel has several advantages compared to diesel. It is environmental friendly, free from sulfur compounds and aromatics, biodegradable, and renewable. It stimulates the rural development and agriculture, and can contribute to decrease of oil importation. In addition, biodiesel has better proprieties, such as the higher cetane number, flash point, and lubricity. [12] [13] [14] [15] Biodiesel is a mixture of different fatty esters obtained by triglycerides transesterification or fatty acids esterification, Scheme 1.
Both rotes are alcoholise reactions. Methanol is the most used alcohol, nevertheless ethanol can also be employed. Triglycerides, or triacylglycerols, are the main components of oils and fats. 14, 15 Technically, most commercial oils and fats, including soy, canola, corn, sunflower, cotton, palm, tallow and lard can be used. 15, 16 In Brazil, soy oil and bovine tallow are the most important feedstock Scheme 1. Biodiesel obtainment by triglycerides transesterification (superior) and fatty acids esterification (inferior) to the biodiesel production. 17 Free fatty acids or those found in triglycerides show singular features. In general, their chains are linear and have an even number of carbons. When a double bond is present, it has cis configuration. In the case of polyunsaturated chains, the double bonds are not conjugated, that is, they are separated by a methylene group. 18 The most abundant fatty acids are palmitic (C16:0), stearic (C18:0), oleic (C18:1), and linoleic (C18:2), Figure 1 . In the CX:Y notation, X is the number of carbons, and Y, the number of double bonds. 15, 16, 18 Examples of methyl biodiesels from different sources are presented in Table 1 . 16 Biodiesel must be in accordance with a set of quality parameters to be employed, that includes purity and impurities contents; performance characteristics, as cetane number, oxidative stability; and physical properties, as viscosity, and specific mass. 19 The purity of biodiesel is expressed as esters content, and can be estimated by several instrumental techniques, as gas chromatography-flame ionization detector (GC-FID), [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] gas chromatography-mass selective detector (GC-MSD), 22, 38, [40] [41] [42] [43] [44] [45] [46] high performance liquid chromatography--evaporative light scattering detector (HPLC-ELSD), [22] [23] [24] [25] 47, 48 high performance liquid chromatography-refractive index detector (HPLC-RID), 49 high performance liquid chromatography-variable wavelength detector (HPLC-VWD), 23, 32, 34 gel permeation chromatography (GPC), 23 high performance thin layer chromatography (HPTLC), 50 nuclear magnetic resonance (NMR), [23] [24] [25] 30, 36, 45, [51] [52] [53] termogravimetric analysis (TGA), 30 and infrared spectroscopy (IR). 25 Officially, it is quantified by gas chromatography with flame ionization detector (GC-FID) and internal standard, following the orientations of EN 14103. 20 At first, methyl heptadecanoate (C17:0) was indicated as internal standard. Biodiesel made from some feedstock as tallow, nevertheless, contains C17:0 in its composition. In 2011, methyl nonadecanoate (C19:0) was introduced as a substitute for C17:0. Retention times (t R ) of C19:0, C18:2, and C18:3, are too close, and the lack of resolution is sometimes observed. Several alternatives for ester content determination by GC have been presented in the literature. Some of them are listed in Table 2 .
There are some conditions and desirable characteristics in order to use a substance as internal standard in chromatography: it has to be absent in the sample, to present a retention close to the analyte, to generate a similar detector response, and, evidently, must produce a well resolved peak on the chromatogram. The internal standard method has the advantages of being less susceptible to errors from injection, instrument instability, or sample preparation. 31, 54, 55 Flame ionization detector is suitable to the determination of organic compounds, producing linear signals to a wide range of concentrations, and low detection limit. Signal is generated from the carbon atoms ionization, and the intensity is proportional to the sample mass. The presence of heteroatoms, however, cause reduction on the sensibility. 54 Esters obtained from short chain carboxylic acids with appropriate fatty alcohols present the same function, with similar structure and molecular formula to the fatty esters found in biodiesel, differing only by the inversion of acyl and alkyl groups. Hexadecyl acetate (HDA), for example, is a methyl heptadecanoate (C17:0) isomer, and presents the necessary requisites to be proposed as an internal standard for the biodiesel esters content determination.
The aim of this paper was the validation of an analytical method using GC-FID to estimate the biodiesel esters content employing hexadecyl acetate (HDA) as internal standard. Methyl and ethyl biodiesel from soy and canola oils were assayed. The following parameters were evaluated: selectivity, accuracy, repeatability, intermediate precision, and robustness. 
EXPERIMENTAL
Biodiesel obtainment: the biodiesel samples were obtained by transesterification double steps process (TDSP) as described by Samios et al. 52, 53 Internal standard stock solutions: ca 100 mg of hexadecyl acetate (HDA, CBiot, 100.0%) were accurately weighed, dissolved in heptane (Vetec), and diluted to 50 mL in a volumetric flask, to make a 2 mg mL -1 solution. The procedure was repeated to prepare methyl heptadecanoate (C17:0, Fluka 99.9%) stock solution.
Biodiesel analytical samples: ca 50 mg of biodiesel were accurately weighed in a 10 mL flask, and dissolved in 5.0 mL of hexadecyl acetate stock solution measured in a 5 mL volumetric pipet, to make a 10 mg mL -1 solution. Seven replicates were prepared (HDA set). The procedure was repeated with methyl heptadecanoate stock solution (C17:0 set). . EN 14103 with C17:0 as internal standard was used as reference method. Chromatograms were integrated between C8:0 and C24:1 peaks range. 25 Each biodiesel sample solution was injected three times.
Purity: fatty esters content was estimated from the mean of each internal standard seven replicates set results. The purity, expressed as fatty esters content (C BD ), was obtained as the average of seven replicates by equation 1, 20 (1) where A t is the total peak area, A IS is the peak area of the internal standard, C IS is the concentration of the internal standard solution / mg mL -1 , V IS is the volume of the internal standard solution / mL, and W is the weight of the sample / mg Accuracy: the method comparison using EN 14103:2003 with methyl heptadecanoate internal standard as reference was used to evaluate accuracy. Variances from the esters content obtained from the dual seven replicate sets (HDA and C17:0 sets) were compared by the Fischer test and the average ester content by t-test (12 degrees of freedom and 95% confidence interval). 56 Selectivity: samples solutions in heptane with no internal standard were also prepared and injected to evaluate the selectivity.
Instrumental precision: area (A) and retention times (t R ) measurements of eight consecutive injections of a methyl and ethyl soy biodiesel solutions were obtained. Instrumental precision was expressed as A and t R relative standard deviations (RSD).
Repeatability: the seven replicates from HDA set were analyzed. Repeatability was expressed as ester content relative standard deviations from the seven replicates.
Intermediate precision: three sets of four replicates were prepared by three different analysts and had their esters contents estimated. Intermediate precision was expressed as the ester content relative standard deviations from the means of each set.
Robustness: Youden Test was used to evaluate the robustness. 
RESULTS AND DISCUSSION
Chromatograms were integrated in the range from caprilate (C8:0) to nervonate (C24:1) peaks. Figure 2 presents detail from methyl and ethyl canola biodiesel, and the first one spiked with C17:0, C19:0, or HDA.
The chromatograms superposition assures the method selectivity. Biodiesel total area is the sum of its individual components peak area. As all their sensibility is assumed as equal, that is, all components present the same response factor, peak areas can be added even though they are overlapped. Internal standard peak, in contrast, must to be well resolved to be integrated. 20 Fatty esters peaks were identified by their retention times (t R ) compared to the ones obtained from authentic standards. C16:0 and C16:1 peaks are coeluted. The same is observed for C18:0 and C18:1. Hexadecyl acetate and methyl heptadecanoate produce well resolved peaks at 16.1 and 16.3 min respectively (Figure 2d and 2e) . It can be noticed, on the other hand, that C19:0 and C18:3 peaks are unresolved on the methyl biodiesel chromatogram (Figure 2c) . Whatever the biodiesel, that is, ethyl (Figure 2a) or methyl (Figure 2b) , HDA closest peak is that of C16:0. In the first case, resolution 58 is 1.6, and 4.2 for the second. The peaks retention times and areas relative standard deviation (RSD) were used to evaluate instrumental repeatability (Table 3) . One sample solution of soy methyl biodiesel was injected 8 times. The peaks of palmitate (C16:0), hexadecyl acetate (HDA), and oleate (C18:1) were chosen. Instrumental repeatability was expressed as the relative standard deviation. Values equal or lower than 0.01% to the retention times measurements, and 0.98% to areas were observed, and considered adequate. 55, 58, 59 A dispersion close to zero on the retention times measurements ensure the standard peak resolution maintenance. Integral low dispersion, by its turn, contributes to minimize quantitative analysis errors. The ester contents of four different biodiesel samples were determined. In each case, seven replicates were prepared and analyzed by the same analyst. Two different internal standards were used, HDA and C17:0. Precision is the degree of agreement among individual test results. Method precision was evaluated in two levels, repeatability (same operation conditions and short period of time), and intermediate precision (same operation conditions, but different analysts). Table 4 presents the esters contents from the seven replicates, their means, and the repeatability expressed as relative standard deviation (RSD). Repeatability values less than 2% were found and considered adequate. 55, 58, 59 In order to estimate the intermediate precision (IP), three different analysts prepared four replicates sets. The results are presented in Table 5 . Each set had its ester content mean value calculated (P). IP was calculated as the relative standard deviation obtained from the three analysts' mean values (P A ). IP values less than 2% were found and considered adequate. 55, 58, 59 Accuracy is the closeness of a measured value to the true value. 55, 58, 59 In this study, accuracy was obtained by method comparison. EN14103:2003, which uses C17:0 as the internal standard, was used as reference methodology. Fatty esters contents (P HDA and P C17:0 ) are presented in Table 6 , and expressed at 95% confidence interval. A range from 94.8 to 100.8 was found. Calculated F parameters are lower than the critical value (4.28), which means that the two methods have no variance difference. Student's t Robustness is a measurement of the method capacity to remain unaffected by small parameters variations. 57 In this study, Youden test was applied to methyl and ethyl soy biodiesel sample solutions in the presence of HDA as internal standard. Six factors were combined in eight experiments. Injector (T i ), and detector (T D ) temperatures, linear velocity (v L ), split ratio, volume (V) and oven final temperature (T F ) were the experimental factors examined. The chromatographic conditions and the esters contents are presented in Table 7 . Robustness (R o ) was expressed as the relative standards deviation (RSD), and was found 1.1 and 0.1% to the methyl and ethyl biodiesel, respectively, assuring that those small parameters variations don't affect the results.
CONCLUSION
A GC-FID method for the determination of the esters content in biodiesel from two different feedstock, canola and soy, using hexadecyl acetate (HDA) as a new internal standard, was validated. Methyl and ethyl biodiesel from both feedstocks were assayed. Different from other internal standards as heptadecanoic or nonadecanoic acids derivatives, hexadecyl acetate is unnatural, and surely absent from any feedstock biodiesel. The new methodology was evaluated for methyl and ethyl biodiesel derivated from canola and soy oils. In both cases, HDA peak was observed well resolved. Method selectivity, accuracy, repeatability, intermediate precision, and robustness were evaluated and considered appropriate for the scope. 
